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FEED FORMULATION FOR TERRESTRIAL AND AQUATIC ANIMALS 

Priority Claim 

[001] This application claims the priority of provisional application 60/452,^29, 
filed in the United States Patent and Trademark Office on March 7, 2003 and 
provisional application 60/5 1 0,537, filed in the United States Patent and Trademark 
Office on October 14, 2003. 

Background of the Invention 
[002] Animal-derived by-products and meals are currently added to feed 
formulations for both terrestrial and aquatic animals. The rates of usage of animal- 
derived by-products and meals vary from a Tew percent to twenty five percent of the 
total feed. Reliance on animal by-products to deliver essential amino acids, vitamins, 
oils and other compounds is dangerous both to humans and the environment They 
can directly affect human health, for example with manifestations as problems with 
disease transmission {such as mad cow disease) have demonstrated. Prions and other 
disease causing agents are capable of surviving processing, and entering into the 
animal being fed an animal-derived meal. Humans consuming such an animal's meat 
are subject to diseases such as the new variant Creutzfeld-Jacob Disease XnvCJD). 
[003] Reliance on animal products can also have a detrimental effect on public 
heath globally. For example, the use of fishmeal and fish oil has devastated some fish 
fisheries that produce fish deemed undesirable for various reasons, but useful in the 

production of fish oil and fishmeal. This fish oil and fishmeal serves to feed other 

♦ 

fish, and the oceans are being thrown out of balance by the widescale harvest of fish 
for use as the use as fishmeal and fish oil. 

[004] One example of an animal-derived meal being extensively used in feeds is 
fishmeal. Fishmeal is currently being added to a substantial portion of both terrestrial 
and aquatic animal feeds. Most terrestrial and aquaculture animal diets are based on a 
mixture of plant meals (soy, corn, wheat, and etc.) and animal meals (meat meal, 
blood meal, bone meal, fishmeal, and/or fish oil). The animal-derived meals provide 
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bofh highly digestible proteins ss well ss essential long chain fatty acids. Frshery- 

(amino acids) and lipids (long chain omega-3 fatty acids) in a highly drgestible, 
— W dense form. Although a considerable amonnt of wo* hasbeen performed 
JL goal of developing substitutes mr fishmeal and fish oil with produces l*e so, 
andwhea.ah^levdof^lacomen.hasbeennnsnc^ssn.l. * 
given the balance of nuttients and their natural role, since fishmeal and fish <»! are 
I oduced metabolically from fish, or are acquired from fhe complex natural food 
cbain. Sri^mwimofharingredicate, especially those of vegetable ongm,.* 
My^beinrfeo^m pro^cnntentandmgesanny. Ltewise, in terrestnal 
agriculture, fishmea! supp^enfation improves the nutritional start* of the annua), 
and dehvers both health and welfare benefits. 

roosi One specific benefit of the protein component of fishmeal is its 
ability, l^^*^***^^^^^' , 
^^^^^^^-"^"^^^^ 

cyateine. ^to^^.^^^^-rf'"" 
ally complete amino acid needs primarily due «o a portage of mennomne and/or 

L in the auto-containing amino acids mefhionme and cysteine. The essentia 
amino acids in fishmeal are also tn me fonn of highly digestible peptides. Plan, and 
cereal proteins generally am not in snch as highly digestible form, and are aUo 
accompanied by indigestible fiber. In addition to its protein component fishmeal afco 
bus a relative* high content of certain mineral*, snch as calcium " 
weU as certain vitamins, such as B-complex vitamins (**.. chohne, bmtin andB12), 
^ vitamins A and D. Industrial fishmea! nsnaHy aiso contains about 15 /. fish od, 
which provides a source of important essentia fatty adds. 
,0061 Specfficben,mtsoffid,oflmchtdeprovidr^ 
vitamins ( &g .. Vitamin A from fish fiver oils) and certain preformed long cham 
p^yunsaturared fatty acids (LC-POTAs), such as aracmdonic acrd (ARA), 
eicosaperuaenoic acid (OTA), ^ ^ 
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LC-PUFAs are not produced by conventional plant sources (such as*soy, corn, palm, 
canola, etc.) and are generally provided in feeds in small quantities by the provision of 
animal products. Fish oil is particularly rich in these compounds. Other animal 
sources of LC-PUFAs include animal offal and/or process by-products <a#., blood 

* ■ ■ 

meal, organ meats, etc), egg-based products, and invertebrates (e.g. t polychetes, 
crustaceans, insects and nematodes), 

[007] LC-PUFAs are a required component of many diets because of their 
essentiality in optimum cellular and metabolic functions. Neurological tissues, for 
example, are highly enriched in DHA and ARA. The fatty acid precursors of DHA 
and ARA are linolenic acid (ALA) and linoleic acid<LA), respectively, and are 
generally considered essential nutrients in animal diets because of a metabolic 
inability to produce these fatty acids de novo. Most animals can elongate and 
desaturate precursors to the LC-PUFAs essential for optimal growth and development 
but their ability to do so is limited. Consequently, optimal growth and development 
usually accompanies dietary supplementation of the prpfornaed LC-PUFAs (such as 
ARA, EPA, and DHA). Thus, nutritional feeds for aniinals typically contain these 
preformed LC-PUFAs as delivered by fish oil. These components are also supplied 
by conventional fishmeal, since fishmeal typically contains about 15% fish oil. Many 
researchers believe that one of the major benefits of fishmeal comes from the supply 
of fish oil associated with the fishmeal (and thus LC-PUFAs). 
[008] The increasing demand for fishmeal and fish oil combined with 
decreasing wild fish stocks indicate that an alternative product (or products) would be 
highly desirable. Fishmeal production over the last decade has fluctuated between 6.3 
and 7.4 million metric tons (MMT) per year, while fish oil production has ranged 
between 1 .0 and 1 .7 MMT. The poultry industry uses 24%, pigs 29%, fanned fish 
35%, and ruminants 3% of the total global fishmeal being consumed. With 
anticipation of a maj or increase in the production of both fish and chicken, global 
fishmeal requirements are projected to double by 2010. Shortly thereafter, it is 
predicted that aquaculture alone would be able to consume all the available fishmeal 
and fish oil production. Besides ecological and ethical opposition to the use of finite 
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and valnable aquatic resomces as feed ingredients for hi(!3r value animal species, there 
iaagrowingec^nncalconcemabomacnncer^avaflab^andc^ An 

„™ *. concern is that fishery prodncts may contain tome compounds, 



as many rishing ^ ~ " ^ ... 

poUntion (*g., mercury, PCBs, dioain, myosins, pesticides em.). Consent*, 
Lsnies mat nse fishmeal will he evenMaUy forced to find alternatives, whrch are of 
Mgha^ty.nnmticn-ye^valenr.a^sns^inable. In particular, Enropeaa current 
alnltural practice is moving — uon-anhnal delivery forms of key nutirents, 
Z> as the n-3 fatty acids for terrestiial animal feeds (poultry, swine). 
L nnmnan, species, the nse of animal meal and fishmea! is now prohihrted m several 
eonntries (U.K. Dept. of Environment Agency for Food Stands* report 



ACAF/01/38). 

[009] T7nrmiilatinc an animal 



feed conversion is a driving principle for mo feed formuhdo, In order to mamtam the 



igredients. 



and bacterial 



fermemation show promise for me deve.opm.nt of snperior aonrcos of protems and 

mieroalgae), with their very diverae prodnetion of useful hiomoleomes co ^n!d supply 

r.^.r A r.;^c vitflTriim. minerals ana. 



nutritional ,juauties.(e.g., essennai ammo ~~j - 
aeeondarymamholitesymmemealmdnshymathaanotbeenmllyuh^ In 

addition, the cofsumer-s perception on what is safe, natural, and environmentaUy 
friendly will tocreasmgly donmnde future feed formulation deciarons. 
t0101 Maeroalgaehaveheonn^aspariofmefeerisfordomesticammals 

Adey m d Purgason 199S; Simopoulos 1 999; GS e, al. 2000; He * al. 2002). For me 

eiements (e.g., iodine), essential vitamins Vimmins B, D anting 
(eg., carotenoids), and phytohormonea. Macroalgae have recently heen adfcd to 

v^-^^^aainminnoenhancemtomcreasemammmandpomw 
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resistance to disease (AUen and Pond 2002; Allen et aL 2002). Both macroalgal 
meals and extracts were shown to enhance the immune responses of mammafe and 
poultry when used to supplement the diet. Macroalgae are generally collected from 
the sea or grown in nets in the ocean. 

[01 1] Microalgae have been used less extensively as a feed ingredient; the 
major microalga that is used is actually a cyanobacterium (also known as bluegreen 
algae). This cyanobacterium, Spirulina platensis, has been cultivated extensively and 
potentially provides health benefits to certain animals (Grinstead et al. 2000; Lu et al. 
2002). Microalgae have also been utilized for their pigments (Abe et al. 1998; 
Ginzberg et al. 2000) and fatty acids in animal feeds (Simopoulos 1999). Microalgae 
are a very diverse group of organisms that produce interesting bioactive compounds, 
vitamins, hormones, essential amino acids, fatty acids, and etc. Pharmaceutical 
companies have been mining the microalgal kingdom for bioactive compounds for the 
last twenty years or mbre. Additionally, microalgae have the advantage of enclosed 
growth (fee., photobioreactors or fermentors) that is predictable, of assured quality, 
and a renewable resource. Recent advances in microalgal heterotrophic growth 
technology have advanced production of microalgae in standard fermentors to an 
economical method of production (Boswell et al. 1992; Behrens and Kyle 1996; Kyle 
et al. 1998). 

[0 1 2] Other microbial sources of LC-PUF As include lower plants or fungi. 
These have been used even less extensively as feeds. Fungal species of the genus 
Mortierella have been used as a source of LC-PUF A-containing oils and have been 
cultivated in commercial scale fermentors for the production thereof. However, 
neither the fungal meal nor the whole fimgi have been contemplated for use as a feed 
ingredient. 

[013] Thus, there is a need for new methods to reduce or eliminate the use of 
animal-based meals or by-products in feeds for terrestrial and aquatic organisms. 
[014] The inventors have discovered a method and a product that will provide 
optimal growth to aquatic and terrestrial animals without the need for introduction of 
animal by-products into the feed. Existing feeds often require the use of animal- 
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derived meals or extras ro ^ ~— - 

feeds are appropriate for some animal species, however, a large mimoer 

feeds app P . . . tW are esnecially high in animal products. One 

raised in captivity require matenals that are especially mgu 

. • j ^o+o^aic are the omeea three rany 



fatty 



acids and npiasmgu ux ° •■ 

essential for the grow* of specific — -* as snrimp, whtoh nn* hnve 
lesterolintireirdie*. ^e^ccoffisfiin^c^^pas.^edtoa 
^ on tire use of marir* fishme* fish oil, and fish by-products for ho* 



Animal 

sen utilized 



processing ou^ xv^^ 0 r - 

(especiafiy high lipids and protein) ingredients for animal «— -** 

Z, Recent developments in to United Kingdom and elsewhere have cast 

^consumption. ^.TW^r-**^^'?* 
aanger with *e spread of hovine spongiofonn encephautis (BS^ 
cjLfeld-Iacob Disease (nCJD), vhu. diseases wmte spot vnus, WSV), and 

mSi Additionally, the current dependence of fishmeal and fish ofi has resulted 

LI— ™*-^^"-r,rZ^ ■ 

^predatory fish (and cetaceans) thalbas reauhen in catashop 

eoean producfiviry. Jhe^tteinventtondescribe^h^J^a-^ 

approach to a real and pressing problem. 

. ' . 1 r 

SUMMARY OF THE INVENTION 

t0171 It is an ohjec. of the invention to provide a feed composition, wherein aU 
I, derived components have been eliminate* and microa.gae, macroalgae, plants, 

— — <* oomponeuts thereof, are 
[01 8] it is an object of tire invention to provide a feen composthon, wberenr 
L . ™w*mtiaUv ebrninated andmicroalgae, 
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macroalgae, plants, and/or lower fungi, including extracts or components thereof, are 

■ 

included in the feed. 

[019] It is an object of the invention to provide a method for preparation of an 
aquatic or terrestrial animal feed comprising a, composition wherein all animal- 
derived components have been eliminated and micxoalgae, macroalgae, plants, and/or 
lower fungi, including extracts or components thereof* are included in the feed. 
[020] It is an object of the invention to provide a method for aquatic or 
terrestrial animal husbandry using a feed composition wherein all animal-derived 
components have been eliminated by the addition of microalgae, macroalgae, plants 
and/or lower fungi and yeast, including combinations thereof, in such a way to 

provide optimal growth without addition of animal-derived materials. 

• ■ " ■ • . 

[021] The current invention utilizes the broad nutritional potential of biomass 

5 * 

from members of the algal kingdom in combination with plants and/or members of 

* • 

the lower fungi to adequately provide essential nutrients to feed formulations such 
that the need for anirnal-derived materials is either completely or substantially 
• eliminated. 

• « J * 

[022] The invention provides an animal feed comprising macroalgae-derived 
materials, wherein no animal-derived materials are present The macroalgae-derived 
materials can . comprise from about 0.1% to about 30% of the dry weight of the feed. 
This feed can comprise from about 0.25% to about 5% combined DHA and EPA. 
The macroalgae-derived materials in this feed can comprise bioactive compounds. 
The bioactivity can be chosen from one or more of irpmunoenhancement, growth 
promotion, disease resistance, antiviral action, antibacterial action, improved gut 
function, probiont colonization stimulation, improved food conversion, improved 
reproductive performance, and improved coat or skin. 

[023] The invention also provides an animal feed comprising microalgae- 
derived materials, wherein no animal-derived materials are present. These 
microalgae-derived materials can comprise from about 0.1% to about 30% of the dry 
weight of the feed. This feed can comprise from about 0.25% to about 5.0% 
combined DHA and EPA. The microalgae-derived materials comprise bioactive 
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oompov^.ThekWoacti.atyc^be chosen firom one ormore of 

acno, proved ^^T^^Z - « 
^proved food conversion, improved reproductive performance, and rmp 

^id whemin no anhnai-derive. mafcriais are ^™>™«7 

derived m ^ a W 0 1% to abotit 30% of the dry weight of 

derived materials can comprise ftom about 0.1/oxoau 

• frntn nhout 0 25% to about 5.0% combmed DHA 
the feed. This feed can comprise from about U.zo /o to 

tneteeo. m ^^als can comprise bioactive compounds, 

and EPA. The lower fungi-derived materials can compn* 

31111 ^ P^ m ,inoenhaiicement, growth 



Their bioactivity can be chosen from one or more of ii 

promotion, disease resistance, antiviral action, antibac^- — — - 
Lotion, probiont colonization stimulation, improved food conversion, improved 

T0251 The invention further provides an ammal feed comprising P 

1 • i^ved materials are present The plant-derived 

materials, wherein no animal-denved materials are P . w «f««-feed. 

• «bout 01% to about30%ofme dry weight of the feed, 

materials can compnse from about O.i /oroaou . m 

^pU^ednra^^c^bio^ea,^ 

" chosen from one or more of immmroenhanccmen, grow* promouon, **** 

^Le, mo vM acnon, arrfbacmrial action, in*iOved gnt mnCon, promo* 

Zd, milled, pUnt, and/or iower ^-derived rna t eria,s, — - 
^L^erivedma^arepresen, The macroalgae*rive4 nn«o 
derived, and/or lower ftmgi-derived mareriais cn comprise torn 
21« of me dry weigh, of me feed. The feed can comprise 6om *- 

^oor^l pae-derived microalgae-aenveo, 



derived materials 
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compounds. The bioactivity can be chosen from one or more of 
immunoenhancement, growth promotion, disease resistance, antiviral action, 
antibacterial action, improved gut function, probiont colonization stimulation, 
improved food conversion, improved reproductive performance, and improved .coat or 

♦ 

skin. 

[027] The invention provides an animal feed comprising macroalgae-derived 
materials and less than about 5% animal-derived materials. It can further comprise 
from about 0.25% to about 5.0% combined DHA and EPA. The macroalgae-derived 
materials can comprise from about 0.1% to about 30% of the dry weight of the feed. 

These macroalgae-derived materials can comprise bioactive compounds. Their 

■ 

bioactivity can be chosen from one or more of immunoenhancement, growth 
promotion, disease resistance, antiviral action, antibacterial action, improved gut 

* ■ * 

function, probiont colonization stimulation, improved food conversion, improved 
reproductive performance, and improved coat or skin. 

[028] The invention also provides an animal feed comprising microalgae- 
derived materials and less than about 5% animal-derived materials. The microalgae- 
derived materials can comprise from about 0. 1% to about 30% of the dry weight of 
the feed. The feed can further comprising from about 0.25% to about 5.0% combined 
DHA and EPA. The microalgae-derived materials comprise bioactive compounds; 
Their bioactivity can be chosen from one or more of immunoenhancement, growth 
promotion, disease resistance, antiviral action, antibacterial action, improved -gut . 
function, probiont colonization stimulation, improved food conversion, improved 
reproductive performance, and improved coat or skin. 

[029] The invention further provides an animal feed comprising lower fungi- 
derived materials and less than about 5% animal-derived materials. The lower fungi- 
derived materials can comprise from about 0.1% to about 30% of the dry weight of 
the feed The feed can further comprise from about 0.25% to about 5.0% combined 
DHA and EPA. The lower fungi-derived materials can comprise bioactive 
compounds. Their bioactivity can be chosen from one or more of 
immunoenhancement, growth promotion, disease resistance, antiviral action, 
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action, proved ** «— • ^ COlOI,i^a,i0,1 coat 
i^ved food conversion, improved reproductive perforce, and improved coa, 

The invention further provides an animal feed comprising plant^rived 

^ . <=o/ ™;™l-derived materials. The plant-den ved. 
— * - to tt^rStll 30% of me drv weigm of me feed. 

«—* tl 0 ^l o* » to about 5.0% combine* DBA and 

The feed can further comprise torn about o.»/.ro 

BPA Theplanl^vedma^eencompriseWoactivecompounds. Then 
Woacrivity can be chosen from one or more of hnmnnoenhaneemem, growth 

Z. disease resismnce, antiviral action, antibacterial action, rmproved gut 
promotion, disease resrstan ^version, improved 

function, probiont colonization stimulation, improv 
rmmductive performance, and improved coat or skin. 

reproductive p m antam feed cmnprish^ macroalg 



[03 1] The invention yex further 



fungi- 



3^1-derived materials. The macroalgae-denveo, 

,ed, and lower fungi-derived materials can comprise 

further 



Ul II 



01% to abort 30% of me dry weight ot me reeu, ..^-rived. ' 

L. 0.25% to ahou. 5.0% combined DHA and EPA. 

uacroa-gae-derivad, and/or lower fougWerived materials can compn* moactive 
pounds. Then bioactivityeanbeehoamftomoneormomof 
ZL-*-— growth promotion, disease resistance, 

uup.oved food conversion, improved reproductive performance, and nnproved coat or 

skin " . , ... or feed additive comprising a 

ro321 The invention provides an animal feed or teen a . v 

L . • txtsa up a nr ARA but no animal-aenvea 

plant-derived material compnsmg DHA, BP A, or ARA, 

• j o„; m «l feed or feed additive compnsmg a plant-aenvea 
materials. It also provxdes an animal feed or leea matRrials 

. . ppa or ARA wherein animal-derived materials are 



ARA, 

meal, andean 



^resent The animal-derived materials canoe p«-; ^ 
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derived from a plant comprising DHA, EPA, or ARA. The plant-can be genetically 
modified, 

[033] The invention provides a method of preparing a feed comprising from 
about 0.25% to about 5.0% combined DHA and EPA, and further comprising 
materials derived from macroalgae, microalgae, plants, and/or lower fungi or any 
parts or extracts thereof, wherein no animal-derived materials are present. 
[034] The invention also provides a method of preparing a feed comprising 
from about 0.25% to 5 .0% combined DHA and EPA, and further comprising 
materials derived from macroalgae, microalgae, plants, and/or lower fungi and/or any 

« 

parts or extracts thereof, wherein less than about 5% animal-derived materials are 
present. 

[035] The invention further provides a method of feeding animals with a feed 
comprising from about 0,25% to about 5.0%x?ombined DHA and EPA, materials 
derived from macroalgae, microalgae, plants, and/or lower fungi and/or any parts 
and/or extracts thereof, wherein no animal-derived materials are present. 
[036] The invention yet further provides a method of feeding animq lg with a 
feed comprising from about 0.25% to about 5.0% combined DHA and EPA, materials 
derived from macroalgae, microalgae, plants, and/or lower fungi and/or any parts 
and/or extracts thereof, and further comprising less than about 5% animal-derived 
materials. 

[037J The invention provides a method of preparing an animal feed orfeed 
additive comprising a plant-derived material comprising DHA, EPA, or ARA, but no 
animal-derived materials. It also provides a method of preparing an animal feed or 
feed additive comprising a plant-derived material comprising DHA, EPA, or ARA, 
wherein animal-derived materials are present. The animal-derived materials can be 

• * 

poultry by-product meal, and can comprise from about 1% to 5% of the total feed. 
The plant-derived material can be derived from a plant comprising PHA, EPA, or 
ARA. The plant can be genetically modified. 

[03 8] The invention also provides a method of feeding animals with a feed or 
feed additive comprising a plant-derived material, comprising DHA, EPA, OR ARA, 
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Waoantaa.-derived materials. I. a>*> provides a method of ***** ' . 

feed or feed additive ctmrprising a planr-derived material comprising DHA, BPA, 
ARA, wherein animal-derived materials are present The animal derived matenals 

Ml feed. The plant-derived material ean be derived from a plan, comprises DHA, 
EPA, or ARA The plant can be genetically modified. 

Brief Description of the Drawing 
(0391 Fignre 1. Omega-3 and Omega-6 Fatty Acid Biochemical Pathways. 
Fatty acids are designated by the number of carbons followed by the number of 
donblebond, A!so listed are typical aonmes for certain fatty acids. ThefoUowmg 
aotaeviariona are used: linoleic acid (LA), gamma linolenic acid (QXA), dtano- 
gamma linoleic acid (DGLA), urachrdonic acid (ASA), alpha linolenic acd (ALA), 
eicosspentnenoic acid (BPA) and docosahexaenoio acid (DHA). 

DETAH.ED DESCRIPTION OF THE INVENTION 

Definitions . 
[040] IndescnTmwrhepresemmvenrion^ 

accordance with the definttions set onl below. 

[0411 The term -animal feed" refers to a preparation providing nutnnonal vafue 
to any animal, including but not limited m terrestria! amnrals (hnmans, cattte^ horses, 
pigs, sheep, goats, poultry) and aquatic annuals (fish, shrimp, lobsters, crawfish, 
mbUusks, sponges, jellyfish). 

[0421 Thetenn"fitoealMsusedtodescnT*ac^ 

from fish of any species or mixed species that is processed too a solid or semi-sohd 

* 

fonn for easy use. 

,043] The term "fid. oH" refers to any oB eEtracteaftom fish, m any fcrm and 
pmtt y UsuaUymfeadtt^-^ou-isusedtod^afaMyerndepreparanon 

but can also encompass a highly purified form used as a human food supplement 
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[044] The term "animal meal" is used to as a^group descriptor to include 
fishmeal, meat meal, blood meal, beef extracts, and other animal-derived feed 
supplements. 

[045] The term "animal-derived" is used to describe any product produced from 
animals. 

[046] The term "probiont" refers to an organism that permanently or transiently 
grows or resides in the intestine of the target animal. 

[047] The term "macroalgae" refers to algae that in at least one life stage form 
large structures that are easily discernable with the naked eye. Usually these 
organisms have secondary vascularization and organs. Examples of different groups 
containing macroalgae follow, but are not limited to, the chlorophyta, rhodophyta, and 
phaeophyta. M Macroalgae-derived" materials are those that are obtained from 
macroalgae. 

[048] The term "microalgae" refers to prokaryotic and eukaryotic algae that are 
classed in many different species. Normally the prokaryotic algae are referred to as 
cyanpbacteria or bluegreen algae. The eukaryotic microalgae come from many 
different genera, some of which overlap with the macroalgae and are differentiated 
from these by their size and a lack of defined organs (although they do have 
specialized cell types). Examples of different groups containing microalgae follow, 
but are not limited to, chlorophyta, rhodophyta, phaeophyta, dinophyta, euglenophyta, 
cyanophyta, prochlorophyta, and cryptophyta. ^Micrpalgae-dCTived" materials are 
those that are obtained from microalgae, 

[049] The term 'lower fungi" refers to fungi that are typically .grown in 
fermentors by providing appropriate carbon and nitrogen sources. Examples of such 
lower fungi include, but are not limited to, yeasts (e.g., Sacchqromyces, Phqffia, 
Pichia, and etc.), filamentous fungi (Mortierella, Slaprplegnia, Pyihium, and etc.), and 
chytrids (Schizochytrium* Thrat^ochytrhim, Ulkenia, and etc.) 
[050] The terms "feed additive," 4 -food supplement," or "enrichment product 9 * 
refer to products having one or more nutritional substances in concentrated form 
(mainly vitamins, minerals and trace elements), usually presented in formats that are 
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rfW „ . complete diet or added separately as tablets, pellet or beads to be 
oo^eridirectiy. Feed additives, food supplement or emrchn^are not meant 
tofttUffl^ecanp^needaofta^bat^aonK^bcnefit Forte 

ptoses herein die two termsvrill be used synonomously. 

ran] He present invention is related * a composition of algal and/or fungal 

LJ^fenseasanrngreaernm^mpletenon-an^based^. Tltesefeods 

«ll also provide improved growth food conversion ratios, survival 

of terreshia, and aouatie animals since many macro- 

aemonstratedbioacdvlnesCMaaonandGleason 1M1.1M*.-**- 

19 88; De Rosa e, al. 2«»; Knmvan e, aL 2001; Neves et al. 2001; Oufdonetal. 2001, 

Fantoer 2002; Gonzalez e, al. 2002; HeBio et al. 2002; Minten et al. 2002; Ptccardr 

et at 2002; Prati et al. 2002; Seya et al. 2002; Tan and Sidd.q 2002). 

[052] Tnese and other aspecte of the invention are provided by one or more of 

^- « owing einbodimeats. 

One embodiment of the invention is a feed or feed ingredient wherenr all 

p^duCs eliminated and the feed contains a macroalgal biomass, 

..,„. j_i.„«„— ™vmmisme materials ftom one or more 



[053] 



nacroalgal species selected ftom, bm not nmitearo, me — 
[054] Aoomerembc^toftemvenrionisafeenorfecdnrgrememwherem 
aU animal products are elhmnateo and me feed contains a micrealgal bmmass, 
.mcroalgal colls, or micrealgal derivatives comprising materials from a one or more 
apeciesselectedfcWbntnotlinri.edte.mefoUowing organisn* O^om»«m, 
T #raselmis, Chlorella.Haenatococcus, NUzscMa,X3u,e l o< X ro S , Spirulma, and 

Arthrospiria. . 
r 0 551 Another embodiment of the invention is a feed or feed 
aU animal products are eliminated and the feed contains a low fungal biomass, 
lower fungal whole cells, or lower fungal derivatives comprising sources such « 
no t limited to, Saccharomyces.Phajfia, Pichia, Mortierella, Alteromonas, 



igredient wherein 
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Pseuodoalteromonas, Pythium, Schizochytriwn, Thraustochytrium, Ulkenia, and/or 
LC-PUFA containing bacteria such as Vibrio spp., and Shewanella spp. 
[056] Another embodiment of the invention is a feed or feed ingredient wherein 
the essential nutrients and oils normally provided by animal meal, fishmeal, and/or 
fish oil are replaced partially by macro- and/or microalgal biomass, macro- and/or 
microalgal cells, or macro- and/or microalgal extracts plus additional supplementation 
with lower fungal sources such as, but not limited to, Saccharomyces, Phajfia, Pichia, 
Mortierella, Alteromonas, Pythhan, Schizochytriwn, Thraustachytrium, Ulkenia, 
and/or LC-PUFA-containing bacteria such as Vibrio spp. and Shewanella spp. 
[057] In another embodiment of the invention, a inethod is provided for 
production of a feed or feed ingredient that will replace the use of animal meal, 
fishmeal, or fish oil in feeds used for terrestrial or aquatic organisms wherein algae 
are added to the product to provide the essential nutrients and oils required for optimal 

m 

growth. 

[058] In another embodiment of the invention, a method is provided for aquatic 
or terrestrial animal husbandry using a feed or feed ingredient wherein all animal 
products are eliminated and the feed contains microalgae, macroalgae, plants, and/or 
lower fungi such that the feed provides the essential nutrients and oils required for 
optimal growth. 

[059] The following examples are provided for exemplification purposes only 

and are not intended to limit the scope of the instant invention. 

Examples 

Example 1. Preparation of Macroalgal v Microalgal. Lower Fungal, .and Bacterial 

Biomass. 

[060] Macroalgae, such as Ulva spp.; GrqxAlaria spp. and Laminaria spp., are 
cultured in an open earthen pond using industrial gradte nutrients to provide nitrogen, 
potassium and phosphorus elements. Algal thalli are harvested periodically, oven 

■ • 

dried, then ground to a fine powder using standard methods. The thalli can also be 
ground wet to provide a fine slurry. Heterotrophic growth of macroalgal biomass is 
also a possibility (Durand et al. 1 997). 
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t.i Mmriada sod., and Chaetoceros spp., are cunureu m 

NarmoMoropsis spp., Wavicuta spp., /r™iWand 

• ^ri NaNO, and NaH 2 P0 4 enriched f72 medium (Guillard and 
bioreactors using Fea 3 ,NaNU3, ana i^«xz * 

harvested at stationary phase then 



Ryther 1962; Guillard 1975). Algae are 
concentrated by centrifugation, filtration, or 



flocculation. Algal pastes are dried 



( ^ophicmicroalgae, such as C^thecodiniurn spp. Chlorella spp. 



ro62] Heterou^ T r 

Haematococcus spp., spP-1 ><>wer fongi, such as MortureBa spp « LC- 

P W A containing bacteria such as Mb or » - 

* ~i* *— - a ST 

e^UshW cmturing procedures (Boswei, « at 1992; Behrens and ^ »J 
Microalgae are then harvested and cenuifoged «o produce a duck paste, dned C*um 
** vWM OTte like) and greund into a fine powder. All algal soured 

spray drymg, ox the on animal species) and 

powders are homogenized in a specific proportion to p 

kept for later formulation with ofher feed ingredients. 

■ 

,1, - rrrr ^~ 1 ^nrow-outTHetforSeaBream 

^mrmmafionmemodsCLhnaudSessa^). 

, c* aw Protein. 13% lipids, and 0.5% DHA. Algal-based ingredients are 
at least 45% protein, 10 /o upi"*, 

predhced as described in Example 1. K addMon to proton* ^ > <K°*° 
Lga, mix also provides essentia, nuhtents for enhancing the fish grow*. F« 
JLple, am sp. and!— sp. are rich sources of polysaccharides and 

Zpreteins, a—— *• - *« * CaK>te,l0ldS ^ 6ttv 

Sox^wmfoCo***^ 

acids (such as docosahexaenpic (DHA) and arachidoiric acids ««^jrttuto ^^^^^ 
■ ^ is men exttuded to 3-10 mm — d. using a standard peliet extruder. 
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Table 1. Diet composition for sea bream grow-out 



Algal Mix 


20 % 




Composition of Algal mixture: 




■ 


- Viva sp. 




10% 


- Spirulina platensis (a.k.a. Arthrospira platensis) 


5% 


- Crypthecodinhan cohnii 




3% 


- Laminaria so 




1 % 


- Haetnatococcus vluvialis 




• 1% 


Ftingal biomass (Mortierella alpind) 


1% . 




Soy protein concentrate 


56% 


• 


wneat meai 

* 


10 % 




Soy oil 


7.3 % 




Mineral mix 


1% 




Lysine 


1% 




Methionine 


0.5 % 


■ 


Glycine 

■ ■ . • 


0.5 % 




Threonine 


0.2% 




• 

Vitamins mix 


1 % 


• 


a-Tocopherol 


0.5 % 




Ascorbic acid 


0.5% 




Betaine 


0.5 % 





* Percentages are on dry weight basis. Final PUFA content is 0.6% DHA, 0.4% 
16:4+18:4 (omega-3), and 0.15% ARA. Material sourcing: Soy protein concentrate, 
wheat meal and soy oil are obtained from Central Soya Company, Inc. Fort Wayne, 
IN. All trace minerals, vitamin mixes, and amino acids are obtained from A. 
Gresearch Inc. Joliet, IL and Bentoli, Inc. Homestead, FL. Fungal biomass 
{Mortierella alpind) is from Martek Biosciences. 
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T?y a tr mlft 3. Feeding of S «a Bream Fish. 

[064] Sea bream fingerlings at ca. 100 g size are stocked at 30 kg per m of 
seawater at a temperature of 25°C. Water quality is maintained by rapidly exchanging 
the tank water through mechanical and biofiltratioa systems. Fish are fed 4 times 
daily a total ration of 2% body weight and pellet size adjusted to fit the mouth 
opening of the growing fish. Experiment is terminated when fish reach an average 
commercial size of 400 g. 

[065] Daily growth rates are calculated according to the following formula: 

Growth rate = (Final average fish weight minus initial average weight)/n days. 
[066] Food conversion ratio (FCR) is calculated according to the following 
formula: FCR = Total food given/(total fish final biomass minus total fish initial 
biomass). 

Tram ple 4. Preparation of Gro w-out Diet for Shrimi 
[067] Srrrrrap feed is formulated with the ingredients listed below using standard 
methods (Urn and Sessa 1995). The grow-out feed is designed to include at least 
30% protein, 6% lipids, and 0.5% DHA and EPA. Algal-based mgredients are 
produced as described in Example 1 with the addition of diatoms (Chaetoceros sp. 
and Navicula sp.) for the required calcium and silica rninerals in the shrimp diet 
Tetraselmis sp. is also provided in the algal mix because of it provides critical 
components for the shrimp, such as eicosapentaenoic acid (EPA) and cholesterol. The 
ingredient mix is then extruded to 3-1 0 mm pellet size using a standard pellet 
extruder. 
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Table 2. Diet composition for grow-out diet for shrimp 

Algal Mix 20 % 

Composition of Algal mixture: 

- Ulva sp. 5 % 

- Spirulina platensis (or Arthrospira platensis) 4 % 

- Tetraselmis sp. 3 % 

- Chaetoceros sp. 2 % 

- Crypthecodinium cohnii Z % 

- Navicula sqprophila 1 % 

- Gracilaria sp. . 1 % 

- Haematococcus pluvialis 2 % 



Soy protein concentrate 


38 % 


Wheat meal 


33% 


Soy oil 


4% 


Mineral mix 


1% 


Vitamins mix 


0.5% 


a-Tocopherol 


0.5% 


Ascorbic acid 


0.5% 


Cholesterol 


0.5% 


Betaine 


0.5% 


Glycine 


0.5% 


Lysine 


0.5 % 


Methionine 


0.5% 



* Percentages are on dry weight basis. Material sourcing as in Example 2. Final 
PUFA content is 0.54% DHA and EPA and 0.2% 16:4+18:4 (omega-3). 

Example 5. Feeding of Shrimp 

[068] Shrimp fry at ca. 1 0 g size are stocked at 1 0 kg per m 3 of seawater at a 
temperature of 28°C. Water quality is maintained by rapidly exchanging the tank 
water through mechanical and biofiltration systems. Shrimp are fed 4 times daily a 
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total ration of 2% body weight and pellet size adjusted to fit the mouth opening of the 
growing shrimp. The experiment is terminated when shrimp reach an average 

comm( 
Example 3. 



Llg QUI utifc*- w^w— 

ier cial size of 40 g. Daily growth rates and FOR are calculated as described in 



gxample 6. P r oration of rtrnw-out Diet for Poull 
[069] Broiler feed is formulated with the ingredients listed in Table 3 using 
standard methods. This feed is designed to include at least 25% protein, 16% lipids 
and 0.5% DHA. Algal-based ingredients are produced as described in Example 1. 
The ingredient mix is then pelleted to 0.5-3 mm pellet size using a standard pellet 
maker. 




Table 3. Diet composition for poultry grow-out 

Algal Mix 10% 
Composition of Algal mixture: 

- Utva sp. 

- Spirulina platensis (or Arthrospira platensis) 

- Crypthecodiniian cokrtii 

- Laminaria sp. 

- Navicula sp. 



Fungal biomass 


Mortierella sp. . 1% 


Soy meal 


15% 


Wheat grain 


24% 


Com grain 


15% 


Alfalfa meal 


10% 


Soy oil 


15% 


Lime 


7% 


Mineral mix 


1.5% 


Vitamins mix 


0.5% 


a-Tocopherol 


0.5% 



4% 
1% 
3% 
1% 
1% 



BNSDOCID- <W O 2 004060 196A2_I_> 



WO 2004/0180196 



PCT/US2004/005223 



21 



Ascorbic acid 0.5% 

* Percentages are on dry weight basis. Material sourcing as in Example 2. 
Final PUFA content is 0.64% DHAandEPA, 0.2% ltf:4+18:4 (omega-3), and 0.15% 
ARA. 



Example 7. Feeding of Poultry 

[070] Broiler chickens at a size of ca. 1 00 g are housed in windowless sheds at a 
stocking density of 20 kg of bird weight per m 2 . Temperature and ventilation are 
automatically controlled. Broilers are fed 4 times daily a total ration of 4% body 
weight and pellet size adjusted to fit the mouth opening of the growing <ritick. The 
experiment is terminated when broiler reaches an average commercial size of 2000 g. 
Daily growth rate and FCR are calculated as described in Example 3. 

Exam ple 8. Preparation of Grow- out Diet for Swine 

[07 1 ] Swine feed is formulated with the ingredients listed in Table 4 and 
designed to include at least 20% protein and 6% lipid (including 0.25% DHA). 

Table 4. Diet composition for swine grow-out 



Algal Mix . . 8% 
Compo$ition of Algal mixture: 
\ - Ulva sp. 4 % 

- Spirulina platensis (or Arthrospira platensis) 2% 

- Crypthecodinium cohnii 

Fungal biomass MortiereUa sp. 1% 

Soy protein (and /or pea protein ) 15% 

Wheat grain 33.3% 

Barley grain 50% 

Com grain 1*5% 

Soy oil 5% 
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Minerals mix 
Trace element mix 
Vitamins mix 



2.5% 
0.1% 
0.1% 




* Percentages are on dry weight basis. Material sourcing is the same as in Example 2. 
Final PUFA content is 0.4% DHA, 0.2% 16:4+18:4 (omega-3), and 0.15% ARA. 



Tram ple 9. FwrKng of Swine 

[072] Weaned piglets, 4 weeks old are housed in groups of 4 in straw-bedded 
pens with ad libitum access to diet and water. Upon reaching a commercial weight of 
1 10 kg, pigs are weighed. Daily growth rate and FCR are calculated as described in 
Example 3. 

♦ 

Pvam ple 10 Preparation of aMicr oalfal Diet for SI 

[073] Shrimp feed is formulated to contain a vegetable protein source, a 
vegetable oil source, a vitamin and mineral premix, and a microalgal source of long 
chain polyunsaturated fatty acids. Such a composition is made using a mixture of 
38% soy protein concentrate and 51% wheat meal as a protein source, 5% soy oil, 1% 
commercial mineral mix, 1% commercial vitamin mix, 0.5% alpha tocopherol, 0.5% 
ascorbic acid, 0.5% cholesterol, and 2.5% Crypthecodinium cohnii, as supplied by 
Martek Biosciences Corporation (Columbia, MD). Other microalgal sources such as, 
butnotlinutedto&to C ^«msp., Wtenwsp,, Tetraselmis sp., Cyclotella sp. and 
etc. can be substituted for the C. cohnii as long as the total EPA and DHA levels are 
in excess of about 0.5%. 

[074] The ingredient mixture above is then prepared for use as a feed by 
extrusion into pellets of consumable size for the animals (typically 3-1 0 mm) using a 
standard extruder, or flake-dried using a rotary drum dryer. This feed is then provided 
to the animals as described in Example 5. 



BNSDOCID- *W O 2 0O40601 96A2_I_> 



WO 2004/080196 PCT/US2004/005223 

t 

23 

Example 1 1 . Macroalgal Diet for Shrimp 

[075] Shrimp feed is formulated to contain a vegetable protein source, a 
vegetable oil source, a vitamin and mineral premix, and a macroalgal source of iong 
chain polyunsaturated fatty acids. Such a composition is made using a mixture of 
38% soy protein concentrate and 44% wheat meal as a protein source, 3% flax oil, 2% 

. * * . » » ■ 

soy oil, 1% commercial mineral mix, 1 % commercial vitamin mix, 0.5% alpha 
tocopherol, 0.5% ascorbic acid, and 10 % Laminaria. Other macroalgal sources such 
as, but not limited to Gracillaria, Ulva, brown seaweeds, red seaweeds, and etc., can 
be substituted for the Laminaria as long as the total omega-3 long chain 
polyunsaturated fatty acid (EPA and DHA) levels are in eixcess of about 0.5%. 
[076] The ingredient mixture above is then prepared for use as a feed by 

» * 

* - * 

. extruding into pellets of consumable size for the animals (typically 3-10 mm) using a 
standard extruder or flake dried using rotary drum dryer. This feed is then provided to 

the animals as described in Example 5. 

- 

Example .12. Fungal Diet for Shrimp 

[077] Shrimp feed is formulated to contain a vegetable protein source, a 
vegetable oil source, a vitamin and mineral prepiix, and a fungal source of long chain 

polyunsaturated fatty acids. Such a composition is made using a mixture of 38% soy 

• * ■• * . * ■ • * » , - , <. . . -• * 

protein concentrate and 5 1 % wheat meal as a protein source, 3% flax oil, 2% Tsoy oil, 

» • 

1% commercial mineral mix, 1 % commercial vitamin mix, 0.5% alpha tocopherol, 
0.5% ascorbic acid, 0.5% cholesterol, and 2.5% Afprtierella alpina as supplied by 
Martek Biosciences Corporation (Columbia, MD). Other fungal sources such as, but 
jiot limited to Pyihium, Saprolegnia, Connidiobolus, Schizochytrium, 
Thraustochytriimi, and etc., can be substituted for the alpina as long as the total 

. . * ' ' ' - I . • • • " ' • 

long chain polyunsaturated fatty acid levels (omega-3 + Omega-6) are in excess of 
, about 0.5%. 

[078] The ingredient mixture above is then prepared for use as a feed by 
extrusion into pellets of consumable size for the animals (typically 3-10 mm) using a 
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standard extruder or flake-dried using rotary drum dryer. This feed is then provided 
to the animals as described in Example 5. 

Exam ple 1 3. Microt i fml/Fungal Diet for Shrimp 

[079] Shrimp feed is formulated to contain a vegetable protein source, a 
vegetable oil source, a vitamin and mineral premix, and a microalgal source of long 
chain polyunsaturated fatty acids and a fungal source of long chain polyunsaturated 
fatty acids. Such a composition is made using a mixture of 38% soy protein 
concentrate and 47% wheat meal as a protein source, 5% soy oil, 1% commercial 
mineral mix, 1% commercial vitamin mix, 0.5% alpha tocopherol, 0.5% ascorbic 
acid, and 3% Crypthecodinium cohnii as supplied by Martek Biosciences Corporation 
(Columbia, MD) and 4% Mortierella alpina as supplied by Martek Biosciences 
Corporation (Columbia, MD) . Extracts of portions of the above algal and fungal 
sources can be substituted for the biomasses as long as the total EPA and DHA levels 
are in excess of about 0.5% and the total ABA levels are in excess of about 0.5%. 
[080] The ingredient mixture above is then prepared for use as a feed by 
extrusion into pellets of consumable size for the animals (typically 3-10 mm) using a 
standard extmder or flake-d^ This feed is flien provided 

to the animals as described in Example 5. 

Tem ple 14. Microalgal/M flcroalgal Diet for Shrimp. 

[081] Shrinip feed is formulated to contain a vegetable protein source, a 
vegetable oil source, a vitamin and mineral premix, a microalgal source of long chain 
polyunsaturated fatty acids, and a fungal source of long chain polyunsaturated fatty 
acids. Such a composition is made using a nnxture of 38% soy protein concentrate 
and 47% wheat meal as a protein source, 5% soy oil, 1% commercial mineral mix, 1% 
commercial vitamin mix, 0.5% alpha tocopherol, 0.5% ascorbic acid, 3% 
Crypthecodinium cohnii as supplied by Martek Biosciences Corporation (Columbia, 
MD), and 5% Laminaria. Extracts of portions of the above algal and macroalgal 
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sconces can be substituted for the biomasses as long as the total EPA andDHA levels 
are in excess of about 0.5% and the total ARA levels are in excess of about 0.2%. 
[082] The ingredient mixture above is then prepared for vise as a feed by 
extrusion into pellets of consumable size for the animals (typically 3-10 mm) using a 
standard extruder or flake-dried using a rotary drum dryer. This feed is then provided 
to the animals as described in Example 5. 

Example 15. Microalgal/Macroalgal/Ftingal D iet for Shrimp 
[083] Shrimp feed is formulated to contain a vegetable protein source, a 
vegetable oil source, a vitamin and mineral premix, a microalgal source of long chain 
polyunsaturated fatty acids, and a fungal source of long chain polyunsaturated fatty 
acids. Such a composition is made using a mixture of 38% soy protein concentrate 
and 42% wheat meal as a protein source, 5% soy oil, 1% commercial mineral mix, 1 
% commercial vitamin mix, 0.5% alpha tocopherol, 0.5% ascorbic acid, 3% 
Crypthecodinium cohnii as supplied by Martek Biosciences Corporation (Columbia, 
MD), 4% Mortieretta alpina as supplied by Martek Biosciences Corporation 
(Columbia, MD), and 5% Gracillaria. Extracts of portions of the above algal and 
fimgal sources can be substituted for the biomasses as long as the total EPA and DHA 
levels are in excess of about 0.5% and the total ARA levels are in excess of about 
0.5%. 

- 

[084] The ingredient mixture above is then prepared for use as a feed by 
extrusion into pellets of consumable size for the animals (typically 3-10 mm) using a 
standard extruder or flake-dried using rotary drum dryer. This feed is then provided 
to the animals as described in Example 5. 

Example 1 6. Microalgal/Pea Protein Diet 

[OSS] Shrimp feed is formulated to contain a vegetable protein source, a 
vegetable oil source, a vitamin and mineral premix, and a microalgal source of long 
chain polyunsaturated fatty acids. Such a composition is made using a mixture of 
38% soy protein concentrate and 50% pea meal as a protein source, 15% soy oil, 1% 
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_ercialnrineralmix, 1 % commercial vitamin mix, 0.5% alpha tocopherol, 0.5% 
ascorbic acid, 0.5% cholesterol, and 3.5% Crypthecodimwn cohnii as supphedby 
Martek Biosciences Corporation (Columbia, MD). Other long chain polyunsaturated 
fatty acid sources such as, but not limited to Schizochytrium sp., XMenia sp., 
Tetraselmis sp., Cyclotella sp. etc., can be substituted for the C. cohnii while 
maintaining the total EPA and DHA levels in excess of about 0.5%. 
[086] The ingredient mixture above can thenbe prepared for use as a feedby 
extmding into pellets of consumable size for the animals (typically 3-10 mm) using a 
standard extruder or flake-dried nsnag a rotary drum dryer. This feed is then provided 
to the animals as described in Example 5. 

ral/Protein 

£087] Shrimp feed is formulated to contain a vegetable protein source, a 
vegetable oil source, a Vitamin and mineral prernix, and a microalgal source of long 
chainpolyunsaturated fatty acids. Such a composition is made using a imxture of 
88% soy protein concentrate, 5% soy oil, 1% commercial mineral mix, 1% 
commercial vitamin mix, 0.5% alpha tocopherol, 0.5% ascorbic acid, 0.5% 
cholesterol, and 3.5% Crypthecodinium cohnii as supplied by Martek Biosciences 
Corporation (Columbia, MD). Other long chain polyunsaturated fatty acrd sources 
such as, but not limited to, Schizochytrium sp., Ulkenia sp., Tetraselmis sp., Cyclotella 
sp., and etc., can be substituted for the C. cohnii, mamtaining the total EPA and DHA 
levels in excess of about 0.5%. 

[088] The ingredient mixture above is men prepared for use as a feed by 
extruding into pellets of consumable size for me animals (typically 3-10 mm) using a 
standard extruder or flake dried usmg mtary drum dryer. This feed is then provided to 
+k« animals as described in Example 5. 



TTvam ple 18. Marroalgal Djgt with Fishmeal 

[089] Shrimp feed is formulated to contain a small amount of fishmeal, a 
vegetable protein source, a vegetable oil source, a vitamin and mineral prernix, and a 
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microalgal source of long chain polyunsaturated fatty acids. Such a composition is 
made using 4% fishmeal, a mixture of 38% soy protein concentrate, and 47.5% wheat 
meal as a protein source, 5% soy oil, 1% commercial mineral mix, 1% commercial 
vitamin mix, 0.5% alpha tocopherol, 0.5% ascorbic acid, 03% cholesterol, and 2.5% 
Crypthecodiniwn cohnii, as supplied by Martek Biosciences Corporation (Columbia, 
MD). Other microalgal sources such as, but not limited to, Schizochytrium sp., 
Ulkenia sp., Tetraselmis sp., Cyclotella sp., and etc., can be substituted for the^C. 
cohnii, while maintaining the total EPA and DHA levels in excess of about 0.5%. 
[090] This ingredient mixture is then prepared for use as a feed by extrusion 
into pellets of consumable size for the animals (typically 3-10 mm) using a standard 
extruder or flake-dried using rotary drum dryer. This feed is then provided to the 
animals as described in Example 5. 



Exam ple 19. Fungal D i«fr ™t1i Fishmeal 

[091] Shrimp feed is formulated to contain a small amount of fishn^al, a 
vegetable protein source, a vegetable oil source, a vitamin and mineral premix, and a 
fungal source of long chain polyunsaturated fetty acids. Such a composition is made 

* . ■ . ■ 

using 4% fish oil, a mixture of 38% soy protein concentrate, and 46% wheat meal as a 
protein source, 3% flax oil, 2% soy oil, 1% commercial mineral mix, 1% commercial 
vitamin mix, 0.5% alpha tocopherol, 0.5% ascorbic acid, 0.5% cholesterol, and 4% 
Mortierella alpina as supplied by Martek Biosciences Corporation XColumbia, MD). 
Other fungal sources such as, but not limited to, Pythium, Saprolegnia, 
Connidiobolus, Schizochytrium, Thraustochytriicm, and etc., can be substituted for the 
M. alpina while maintaining the total long chain polyunsaturated fatty acid levels in 
excess of about 0.5%. 

[092] The ingredient mixture above is then prepared for use as a feed by 
extrusion into pellets of consumable size for the a n i mal s (typically 3-10 mm) using a 
standard extruder or flake-dried using a rotary drum dryer. This feed is then provided 
to the animals as described in Example 5. 
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Exam ple 20. Microalgal Diet with Pe a Protein and Fishmeal 
[093] Shrimp feed is formulated to contain a small amount of fishmeal, a 
vegetable protein source, a vegetable oil source, a vitamin and mineral premix, and a 
microalgal source of long chain polyunsaturated fatty acids. Such a composition is 
made using 4% fish meal, a mixture of 38% soy protein concentrate and 47% pea 
meal as a protein source, 5% soy oil, 1% commercial rnineral mix, 1% commercial 
vitamin mix, 0.5% alpha tocopherol, 0.5% ascorbic acid, 0.5% cholesterol, and 3% 
CrypHiecodiniwn cohnii as supplied by Martek Biosciences Corporation (Columbia, 

■ 

MD). Other microalgal sources such as, but not limited to, Schizochytrium sp., 
Ulkenia sp., Tetraselmis sp., Cyclotella sp. and etc., can be substituted for the C. 
cohnii while maintaining the total EPA and DHA levels in excess of about 0.5%. 
[094] The ingredient mixture above is then prepared for use as a feed by 
extruding into pellets of consumable size for the animals (typically 3-10 mm) using a 
standard extruder or flake dried using rotary drum dryer. This feed is then provided to 

- ...» 

the animals as described in Example 5. 



Rum ple 21 . Preparation of a high DH A Microalgal Diet for Shrimi 
[095] Shrimp feed is formulated to contain a vegetable protein source, a 
vegetable oil source, a vitamin and mineral premix, and a microalgal source of long 
chain polyunsaturated fatty acids. Such a composition is made using a mixture of 
38% soy protein concentrate and 43.5% wheat meal as a protein source, 5°/S,soy oil, 
1% commercial mineral mix, 1% commercial vitamin mix, 0.5% alpha tocopherol, 
0.5% ascorbic acid, 0.5% cholesterol, and 10% Crypthecodinium cohnii as supplied 
by Martek Biosciences Corporation (Columbia, MD). Other microalgal sources such 
as, but not limited to, Schizochytrium sp., Ulkenia sp., Tetraselmis sp., Cyclotella sp., 
and etc., can be substituted for the C. cohnii while ma intainin g the total EPA and 
DHA levels in excess of about 0.5%. 

[096] The ingredient mixture above is then prepared for use as a feed by 
extruding into pellets of consumable size for the animals (typically 3-10 mm) using a 
standard extruder or flake dried using rotary drum dryer. This feed is then provided t< 
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the animals as described in Example 5. The DHA content of the above feed is 2% by 
weight and it is used as a broodstock diet or a finishing diet for shrimp. 

Ryample 2 2. Preparation of a High DHA Microalgal Diet for Shrimp 
[097] Shrimp feed is formulated to contain a vegetable protein source, a 
vegetable oil source, a \dtamin and mineral premix, and a microalgal source of long 
chain polyunsaturated fatty acids. Such a composition is made using a mixture of 
38% soy protein concentrate and 28.5% wheat meal as a protein source, 5% soy oil, 
1% commercial mineral mix, 1 % commercial vitamin mix, 0.5% alpha tocopherol, 
0.5% ascorbic acid, 0.5% cholesterol, and 25% Crypthecodinitan cohnii as supplied 
by Martek Biosciences Corporation (Columbia, MD). Other microalgal sources such 
as, but not limited to y Schizochytrium sp., Ulkerda sp., Tetraselmis sp., Cyclotella sp. 
and etc., can be substituted for the C. cohnii, while maintaining the total EPA and 
DHA levels in excess of about 0.5%. 

[098] This ingredient mixture is then prepared for use as a feed by extruding 
into pellets of consumable size for the animals (typically 3-10 mm) using a standard 
extruder or flake-dried using rotary drum dryer. This feed is then provided to the 
animals as described in Example 5. The DHA content of this feed is 5% by weight 
and is used as a finishing diet for shrimp. 

Example 23. Microalgal/Macroalgal Diet for Salmonids 

[099] Salmonid (e.g., salmon & trout) feed is formulated to contain a vegetable 
protein source, a vegetable oil source, a vitamin and mineral premix, and a microalgal 
source of long chain polyunsaturated fatty acids and a fungal source pf long chain 
polyunsaturated fatty acids. Such a composition is made using a mixture of 23.6% 
pea protein concentrate, 1 0% wheat, 5% wheat gluten, and 25% soy protein SPF as 
protein sources, 25% soy oil, 0.4% commercial mineral mix, 0.2% commercial 
vitamin mix, 0.5% alpha tocopherol, 0.2% ascorbic acid, amino acids (0.5% lysine, 
0.2% methionine, 0.2% threonine, and 0.2% Betaine), and 9% algal mixture (5% 
Ulva, 3% Crypthecodinium cohnii as supplied by Martek Biosciences Corporation 
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(Columbia, MD) and 4% Haematococcus as supplied by Cyanotech Corporation 
(Kona, HI)). Extracts of portions of the above algal sources can be substituted for the 
biomasses as long as the total EPA and DHA levels are in excess of about 0.5% and 
the total ARA levels are in excess of about 0.5%. 

[0100] This ingredient mixture is then prepared for use as a feedby extrusion 
into pellets of consumable size for the fish (typically 3-10 mm) using a standard 
extruder or flake-dried using rotary drum dryer. This feed is then provided to the 
animals as described in Example 3 for sea bream. 

F „o^ r ^ pa Sbrimp D^t Cortajnjng Microalpal Components 
roiOl] A shrimp diet was prepared using poultry by-product meal, a vegetable 
protein source, a vegetable oil source, a vitamin and mineral premix, and a DHA- 
containing microalgal biomeal. The poultry by-product meal comprised 40% 
Profound® (AF Protein Inc), the vegetable protein source comprised 30% soy meal; 
the vegetable oil comprised 1.5% soy oil and 1.2% flax oil; and the DHA-containing 
microalgal biomeal comprised 2% solvent-extracted Oypthecodinium cohmi (Martek 
Biosciences Corp, Columbia, MD). Other DHA-cc»utainmg biomeals such as, butnot 
limited to, solvent-extracted chytrids such as ScMzochytrium sp„ Thraustochytrium 
sp and Ulkenia sp., and solvent extracted diatoms such as Tetraselmis sp. and 
Cyclotellasp. biomeal can be supplemented in this composition at levels from0.5% 
to 50% of Ihe total weight of the feed. ; 

[0102] This ingredient mixture was then prepared for use as a feed by extrusion 
into pellets of consumable size for the animals (typically 3-10 mm) using a standard 
extruder. A rotary drum dryer is also suitable for this task. This feed was then 
provided to the animals as described in Example 5. 

^o^ r i„ K Shrimp gjgt ggatajniag Microti Components 
[0103] A shrimp diet was prepared using poultry by-product meal, a vegetable 
protein source, a vegetable oil source, a vitamin and mineral premix, and a microbial 
source of DHA and ARA CTable 1). The poultry by-product meal comprised 40% 
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Profound® (AF Protein Inc), the vegetable protein source comprised 30% soy meal, 
the vegetable oil comprised 1.5% soy oil and 1.2% flax oil, the microbial DHA source 
comprised 2% Schizochytrium biomass (Maxtek Biosciences Corp, Columbia, MD), 
and the microbial ARA source comprised 0.5% AquaGrow ARA (Advanced 
BioNutrition Corp, Columbia, MD). 



Table 5. Composition of test diets for fishmeal replacement strategy 

Ingredient Diet 1 (%) Diet 2 ( %1 Diet 3 (%\ 

Profound (AF Protein) 39.00 39.00 39.00 

Soybean meal 29.50 30.20 30.50 

Schizochytrium DHA 2.00 0.50 0.00 

AquaGrow ARA 0.50 0.13 0,00 

Fish oil (Menhaden) 0.00 0.00 3.04 

Soy oil L47 1.53 0.00 

Flaxoil 0.48 1.23 0.00 

Wheat starch 1.98 2.34 2.39 

Wholewheat 20.00 20.00 20.00 

Trace mineral premix 0.50 0.50 0,50 

Vitamin premix 1.80 1.80 1.80 

Choline chloride 0.20 0,20 0.20 

Stay C 250 mg/kg 14 0,07 0.07 0.07 

CaP-dibasic 2.00 2.00 2.00 

lecithin 0.50 O50 0.50 

Total 100.00 100.00 100.00 

[0104] The ingredient mixture above was then prepared for use as a feed by 
extrusion into pellets of consumable size for the animals {typically 1-10 mm) using a 
standard extruder or flake dried using rotary drum dryer. This feed was provided to 
the animals on a daily basis and growth rate was measured over the course of 12 
weeks. The data provided in Table 6 indicates that there were little or no differences 
in the growth and final weight and survival of shrimp fed with the fish oil/fishmeal 
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replacement diets relative to a standard diet containing 35% fish meal and 5% fish oil 
(Rangen Control Diet). 

Table 6. Shrimp weights and survival following 16weeks .g*°"*£* ***** **» 
replacing fish meal (Diets 1 -3) and a control (Rangen shrimp) diet 

TSiftt 1 Dip *? Piet3 Control 

17.10 17.89 17.02 18.50 



Mean Weight (g) 

95% CL 
Survival 

95% CL 



1.41 0.51 1.09 1-30 

1.30 1.36 1.59 1.43 
0.22 0.41 0.51 0.24 



Tem ple 26. C om plete Vegetable^basgd Diet for Shrimj 
[0105] A shrimp diet is prepared using a mixture of vegetable protein sources, a 
vegetable oil source, a vitamin and mineral premix, and a microbial source of DHA 
and ARA (Table 3). The vegetable protein mixture comprises 58% soy meal, 10% 
pea meal, and 9% corn gluten; the vegetable oil comprises 1.5% soy oil and 2% flax 
oil- the microbial DHA source comprises 0.5% Schizochytrium biomass (Martek 
Biosciences Corp, Columbia, MD); and the microbial ARA source comprises 0.13% 
AquaGrow ARA (Advanced BioNutrition Corp, Columbia, MD). Other microbial 
DHA-containing material may include chytrids such as Thraustochytrium sp., and 
Ulkenia sp., and algae such as Crypthecodinium sp., Tetraselmis sp. and Cyclotella sr 

Table 7. Composition of test diet for total fishmeal replacement using vegetable and 
microbial products 

T^ proflient f %> SMI 

Soybean meal 5S.10 

Pea meal 10.00 

Com gluten meal 9.00 

Schizochytrium DHA 0.50 

AquaGrow ARA 0.13 

Soy oil 0 20 
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Flax oil 


2.00 


Whole wheat 


14.00 


Trace mineral premix 


0.50 


Vitamin premix 


l.SU 


Choline chloride 


A OA 


Stay C 250 ing/kg 14 


0.07 


CaP -dibasic 


2.00 


Lecithin 


0.50 


Betaine-3DP 


0.50 


Total: 


100.00 



[0106] The ingredient mixture above is then prepared ¥or use as a feed by 
extruding into pellets of consumable size for the animals (typically 1-10 mm) using a 
standard extruder or flake-dried using rotary drum dryer. 

Example 27. Complete Organic Vegetablerbased Diet for Shrimp 
[0 1 07] A shrimp diet was prepared using a mixture of vegetable protein sources, 
a vegetable oil source, a vitamin and mineral premix, and a microbial source of DHA 
and ARA as in Example 25, all of which have been certified as organic. Hie 
vegetable protein mixture comprised 58% soy meal, 10% pea meal, and 9% corn 
gluten; the vegetable oil comprised 1.5% soy oil and 2% flax oil; the microbial DHA 
source comprised 0.5% Schizochytrium bioinass (Martek Biosciences Corp, 
Columbia, MD) and the microbial ARA source comprised 0.13% A.quaGrow ARA 
(Advanced BioNutrition Corp, Columbia, MD). Other microbial PHA-containing 
material is also suitable, including, for example, chytrids such as Thrqustochytritfm 
sp., and Ulkenia sp., and algae such as Crypthecodinium sp„ Tetraselmis sp. and 
Cyclotettasp. 

[01 08] The ingredient mixture above was then prepared for use as a feed by 
extruding into pellets of consumable size for the animals (typically 1-10 mm) using a 
standard extruder. Flake drying using a rotary drum flryer in a facility that has been 
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e^tified as one capab,e of product organic producte is aUo suitable. The^ting 
feed is oortinab>e as "Organic" under me USDA definitions of an (kp- » 
Feeding of shrimp using organic fanning practices and tire organic feed described « 
to example auow the shrimp so producer! to be labeled as "Organic Shnmp . 

t?t» a /rYU A_rv.TitsiiTnTie: and ARA- 




Containing PlagtMatgriaj for an Animal Diet 

— ^^mealiB an animal feed ox feed addrtive, certain 
U-terialscontainingDHAandARAcanbensed. Examples of plant material 

, ^ *o4«i«cr T?PA/DHA would include certain mosses {e.g., 
(not including algae) containing KFA/uha wouiu 

genetically engineered plant spec.es prodncmg DHA (eg., as ***** 
L 6,677,145. US. PatentNo. 6,635,451, or U.S. Application^. 2003010 ^). 
E^ies of plan, material (not inclnding algae) contenting ARA would mclude 
certain mosses (e.g.. ^ or genetic* engineered plant spec.es 

reducing ARA (e.g.. aa described in U.S. Patent No. 6,677445, U.S. Patent No. 

TO lof 'a shrimp feed or f«d additive is prepared using a mixtnre of vegetable 
protein sources, a vegeteble oU sburc*. a vitamin and mineral premix, andap^t 
source of DHA and ARA (chosen from me examples above). Tne vegeteble protem 
M eomprises 58% soy meal, 10% peanmal, and 9% com gluten; tite vegeteble 
„a comprises 1 3% soy oil and 2% flax oil; the plant DHA sourco composes 5 A 
Physa M lipid, and me plant ARA source comprises 2% mothfiedbrass.ca otl 
containing 30% ARA (Abbott Labs). 

,0,11] Tta totally vegeterian ingredient mixture above is men prepared for use as 
feed or feed additive by extruding into pellete of consumable size for me arnmafc 

n • „ o + or,H^rH ^trader or flake dried using rotary drum dryer 
("typically 1-10 mm) using a standard extruaer or u<uv 

w»" ; — . . , ii ^„^o^ -fiWl is then 



This 



provided to shrimp using a standard feeding 
industry for the growth of shrimp. 
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[01 12] A salmon feed or feed additive is prepared using poultry by-product meal, a 
vegetable protein source, a vegetable oil source, a vitamin and mineral premix, and a 
plant source of DHA and AEA (chosen from the examples above). The poultry by- 
product meal comprises 40% Profound® (AF Protein Inc), the vegetable protein 
source comprises 30% soy meal; the vegetable oil comprises 1.5% soy oil and 1.-2% 
flax oil; the plant DHA source comprises 2% moss and the plant ARA source 
comprises 30% modified soy oil (Abbott Labs). 

[01 13] The plant DHA/poultry by-product-containing ingredient mixture above is 
then prepared for use as a salmon feed or feed additive by extruding into pellets of 
consumable size for the animals (typically 1-10 mm) using a standard extruder or 
flake dried using rotary drum dryer using conventional manufacturing practices. This 
feed or feed additive is then provided to salmon using a standard feeding regimen well 
known to those in the industry for the growth of salmon. 

References 

{01 14] The specification is most thoroughly understood in light of the following 
references, all of which are hereby incorporated by reference in their entireties. 

1 . Abe T, Nakagawa A, Higuchi H, Yamanaka T (1 998) Process of feeding 
juvenile fish with astaxanthin-containing zooplankton. In. Kyowa Hakko 
Kogyo Co., Ltd. 

2. Adey WH, Purgason R (1 998) Animal feedstocks comprising harvested algal 
turf and a method of preparing and using the same. In: PAT 02-1 0-98 
05715774 NDN- 095-0259-5057-0. Aquatic BioEnhancement Systems, 
USA 

3. Allen V, Pond K (2002) Seaweed supplement diet for enhancing immune 
response in mammals and poultry. In: US PatNo. 6,338,856 Bl . Texas Tech 
Univ., USA. 

4. Allen V, Pond K, Saker K, Fonetont J (2002) Seaweed supplement diet for 
enhancing immune response in mammals and poultry. In: US Pat. No. 
6,342,242 Bl. Texas Tech Univ. & Virginia Tech Intellectual Properties, Inc. 



BNSOOCID: <WO__2004080196A2J_> 



PCT/US2004/005223 

WO 2004/080196 

36 



5. 



6. 



7. 



8. 



9. 
10. 



11 



12. 



13. 



14. 



Behrens PW, Kyle DJ (1996) Microalgae as a source of fatty acids. J Food 
Lipids 3:259-272. 

Boswell KDB, Gladue R, Prima B, Kyle DJ (1992) SCO productionby 
ferm entive microalgae. In: Kyle DJ, Ratledge C (eds) Industrial Applicattons 
of Single Cell Oils. American Oil Chemists Society, Champaign. JL., pp 274- 
286. 

De Rosa Setal. (2001) Chemical composition and biological activities of the 
Black Sea algae Polysiphonia denudata (Dfllw.) Kutz. and Polysiphonia 
denudata f. fragflis (Sperk) Woronich. Z Naturforsch [C] 56:1008-1014. 
Durand M et al. (1 997) Fermentation of green alga sea-lettuce (Ulva sp) and 
naetaboUsm of its sulphate by human colonic microbiota in a semi-continuous 
culture system. Reprod Nutr Dev 37:267-283. 
Faulkner DJ (2002) Marine natural products. Nat Prod Rep 19:1-48. 
Ginzberg A, Cohen M, Sod-Moriah UA, Shany S, Rosenshtrauch A Arad SM 
(2000) Chickens fed with biomass of the red microalga Porphyridium sp. have 
reduced blood cholesterol level and modified fatty acid composition in egg 

yolk. J Appl Phycol 12:325-330. 
. Gonzalez R, LedonN, Remirez D (2002) Role of histamine in the inhibitory 
effects of phycocyanin in experimental models of allergic inflammatory 
response. Mediators of Inflammation 11:81-85. 

Grinstead G, Tokach M, Dritz S, Goodband R, Nelssen J (2000) Effects of 
Spirulinaplatensis on growth performance of weanling pigs. Animal Feed Sci 
Techhol 83:237-247. 

GS G MD T, SS D, RD G, JL. N (2000) Effects of Spirulina platensis on 
growur performance of weanling pigs. Animal Feed Sci Technol 83:237-247. 
GuillardRRL (1975) Culture of pbytoplankton for feeding marine 
invertebrates. In: Smith WL, Chanley MH (eds) Culture of Marine 
Invertebrate Animals. Plenum Press, New York, USA, pp 26-60. 



BNSDOCtD- <WO 2004060196A2_I_> 



WO 2004/080196 



PCTYUS2004/005223 



37 

15. Guillard RRL, Ryther JH (1962) Studies of marine planktonic diatoms. I. 
Cyclotella nana Hustedt and Detonula confervacea Cleve. Can J Micro 8:229- 
239. 

16. He ML, Hollwich W, Rambeck WA (2002). Supplementation of algae to the 
diet of pigs: a new possibility to improve the iodine content in the meat J 
Animal Physiol Animal Nutri 86:97-104. 

1 7. Hellio C, De La Broise P, Dufosse L, Le Gal Y, Bourgougnon N (2002) 
Inhibition of marine bacteria by extracts of macroalgae: potential use for 
environmentally friendly antifouling paints. Mar Enivron Res 52:23 1-247. 

■ 

18. Jones A (1988) Algal extracellular products-antimicrobial substances. In: 
Rogers L, Gallon J (eds) Biochemistry of the algae and cyanobacteria. 
Claredon Press, Oxford, pp 256-281. 

19;. Kumvan W, Kaew K, Butryee C, Kupradinun P, Kusamran WR, Tepsuwan A 
{200 1 ) Aritigenotoxic and anticlastogenic effects of Poiphyra spp. Mutation 
Res483:S112. 

20. Kyle DJ, Reeb SE, Sicotte VJ (1998) Dinoflagellate biomass, methods for its 
production, and compositions containing the same. In. Martek Biosciences 
Corporation. 

21 . Lim C, Sessa D (1995) Nutrition and Utilization Technology in Aquaculture. 
AOCS Press, Champaign, IL. 

22. Lu J, Yoshizaki G, Sakai K, Takeuchi T (2002) Acceptability of raw Spirulina 
platensis by larval tilapia Oreochromis niloticus. Fisheries Sci 68:51-58. 

23 . Mason C, Gleason F (1 98 1 ) An antibiotic from Scytonema hofinanni 
cyanophyta. J Phycol 17. 

24. Metting B, Pyne J (1986) Biologically active compounds from microalgae. 
Enzyme Microb. Technol. 8:386-394. 

25. Minton JE, Dritz SS, Higgins JJ, Turner JL <2002) Effects of AscophyUum 
nodosum extract on growth performance and immune function of young pigs 
challenged with Salmonella typhimurium. J Animal Sci 80:1947-1953. 



WO 2004/080196 



PCT/US2004/005223 



38 



26. Neves SA, Dias-Baruffi M, Freitas ALP, Roque-Barreixa MC (2001) 
Neutrophil migration induced in vivo and in vitro by marine algal lectins. 
Inflammation Research 50:486-490. 

27. OufdouK, Mezrioui N, Oudra B, Loudiki M, Barakate M, Sbiyy.a B (2001) 
Bioactive compounds from Pseudanabaena species (Cyanobacteria). 

Microbios 106:21-29. 

28. Piccardi R et al. (2002) Potential applications in agriculture of extracts and 
biomass of Nostoc sp. ATCC 53789. In: Int Applied Phycology Society, 
Spain. 

29. Prati M, Molteni M, Pomati F, Rossetti C, Bernardini G (2002) Biological 
effect of the Planktothrix sp. FP1 cyanobacterial extract Toxicon 40:267-272. 

30. Seya T, Hazeki K, Hirahashi T, Matsumdto MS, Yosbiko; Ui, Michio (2002) 
Activation of the human innate immune system by Spirulina: Augmentation of 
interferon production and NK cytotoxicity by oral administration of hot water 
extract of Spirulina platensis. Intl Immunopharmacology 2:423-434. 

31. Simopoulos AP (1 999) New products from the agri-food industry: the return 
of n-3 fatty acids into the food simply. Lipids 34 Suppl:S297-301 . 

32. Tan ML. Siddiq AS, Y.; Barlian, A; Haga, S. (2002) Effect of antitumor 
activity of Sargassum siliquosum on breast cancer cell line T47D. In Vitro 
Cellular & Developmental Biology Animal 3 8 :8 A. 



BNSOOCID* <W O 2 0040801 96A2_l_> 



WO 2004/080196 



PCT/US2004/005223 



39 



We claim: 

^™**™ » 

1. An animal feed comprising macroalgae-derived materials, wherein no animal- 
derived materials are present. 

2. The feed of claim 1 , wherein the macroalgae-derived materials comprise from 
about 0.1% to about 30% of the dry weight of the feed. 

3. The feed of claim 1, wherein said feed comprises from about 0.25% to about 
5.0% combined DHA and EPA. 

4. The feed of claim 1, wherein the macroalgae-derived materials comprise 
bioactive compounds. 

5. The feed of claim 4, wherein the bioactivity is chosen from one or more of 
immunoenhancement, growth promotion, disease resistance, antiviral action, 
antibacterial action, improved gut function, probiont colonization stimulation, 
improved food conversion, improved reproductive performance, and improved coat or 

skin. 

6. An animal feed comprising microalgae-derived materials, wherein no animal- 
derived materials are present. 

7. The feed of claim 6, wherein the microalgae-derived materials comprise from 
about 0.1% to about 30% of the dry weight of the feed. 

8. The feed of claim 6, wherein said feed comprises from about 0.25% to about 
5.0% combined DHA and EPA. 

9. The feed of claim 6, wherein the microalgae-derived materials comprise 
bioactive compounds. 

10. The feed of claim 9, wherein the bioactivity is chosen from one or more of 
immunoenhancement, growth promotion, disease resistance, antiviral action, 
antibacterial action, improved gut function, probiont colonization stimulation, 
improved food conversion, improved reproductive performance, and improved coat or 

skin. 

11. An animal feed comprising lower fungi-derived materials, wherein no animal- 
derived materials are present. 
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12. The feed of claim 11, wherein the lower fungi-derived materials comprise 
from about 0.1% to about 30% of the dry weight of the feed. 

13. The feed of claim 1 1, wherein said feed comprises from about 0.25% to about 
5 .0% combined DHA and EPA. 

14. . The feed of claim 11, wherein the lower fungi-derived materials comprise 
bioactive compounds. 

1 5 . The feed of claim 1 4, wherein the bioactivity is chosen from one or more of 
immunoenhancement, growth promotion, disease resistance, antiviral action, 
antibacterial action, improved gut function, probiont colonization stimulation, 
improved food conversion, improved reproductive performance, and improved coat or 
skin. 

16. An animal feed comprising macroalgae-derived, microalgae-derived and/or 
lower fungi-derived materials, wherein no animal-derived materials are present. 

1 7. The feed of claim 1 6, wherein the macroalgae-derived, microalgae-derived 
and/or lower fungi-derived materials comprise from about 0.1% to about 30% of the 
dry weight of the feed. 

1 8. The feed of claim 16, wherein said feed comprises from about 0.25% to about 
5.0% combined DHA and EPA. 

19. The feed of claim 16, wherein the macroalgae-derived, microalgae-derived 
and/or lower fungi-derived materials comprise bioactive compounds. 

20. The feed of claim 1 9, wherein the bioactivity is chosen from one or more of 
immunoenhancement, growth promotion, disease resistance, antiviral action, 
antibacterial action, improved gut function, probiont colonization stimulation, 
improved food conversion, improved reproductive performance, and improved coat or 
skin. 

2 1 . An animal feed comprising macroalgae-derived materials and less than about 
5% animal-derived materials. 

22. The feed of claim 21, further comprising from about 0.25% to about 5.0% 
combined DHA and EPA. 
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23 . The feed of claim 21 , wherein the macroalgae-derived materials -comprise 
from about 0. 1 % to about 30% of the dry weight of the feed. 

24. The feed of claim 21, wherein the macroalgae-derived materials comprise 
bioactive compounds. 

25. The feed of claim 24, wherein the bioactivity is chosen from one or more of 
immunoenhancement, growth promotion, disease resistance, antiviral action, 
antibacterial action, improved gut function, probiont colonization stimulation, 
improved food conversion, improved reproductive performance, and improved coat or 
skin. 

26. An animal feed comprising microalgae-derived materials and less than about 
5% animal-derived materials. 

27. The feed of claim 26, wherein the microalgae-derived materials comprise from 
about 0.1% to about 30% of the dry weight of the feed. 

28. The feed of claim 26, further comprising from about 0.25% to about 5.0% 
combined DHA and EPA. 

29. The feed of claim 26, wherein the nricroalgae-derived materials comprise 

« 

bioactive compounds. 

30. The feed of claim 29, wherein the bioactivity is chosen from one or more of 
immunoenhancement, growth promotion, disease resistance, antiviral action, 
antibacterial action, improved gut function, probiont colonization stimulation, 
improved food conversion, improved reproductive performance, and improved coat or 
skin. 

31. An animal feed comprising lower fungi-derived materials and less about 5% 
animal-derived materials. 

32. The feed of claim 3 1 , wherein the lower fungi-derived materials comprise 
from about 0. 1 % to about 30% of the dry weight of the feed. 

33. The feed of claim 31, further comprising from about 0.25% to about 5.0% 
combined DHA and EPA. 

34. The feed of claim 31, wherein the lower fungi-derived materials comprise 
bioactive compounds. 
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35 The feed of claim 34, wherein the bioactivity is chosen from one or more of 
immunoenhancement, growth promotion, disease resistance, antiviral action, 
antibacterial action, improved gut function, probiont colonization stimulation, 
improved food conversion, improved reproductive performance, and improved coat or 

skin. . 

36 An animal feed comprising macroalgae-derived, nucroalgae-denved and/or 

lower fungi-derived materials and less than about 5% animal-derived materials. 

37 The feed of claim 36, wherein the macroalgae-derived, microalgae-denved, 
and lower fungi-derived materials comprise from about 0.1% to about 30% of the dry 
weight of the feed. 

38. The feed of claim 36, further comprising from about 0.25% to about 5.0/o 
combined DHA and EPA. 

39. The feed of claim 36, wherein the macroalgae-derived, microalgae-denved, 
and/or lower fungi-derived materials comprise bioactive compounds. 

40 The feed of claim 39, wherein the bioactivity is chosen from one or more of 
immunoenhancement, growth promotion, disease resistance, antiviral action, 
antibacterial action, improved gut function, probiont colonization sthnulauon, 
improved food conversion, improved reproductive performance, and improved coat or 

skin. - 
An animal feed or feed additive comprising a plant-derived material, such 

.a • _ ■ 



41. 

plant-derived material further comprising VtiA, iir/v, or 
derived materials are present. 

42 An animal feed or feed additive comprismg a plant-derived material, such 
plant-derived material farther ecmprising DHA, EPA or ARA, wherein animal- 
derived material is present 

43. The feed or feed additive of claim 42, wherein the animal-derived material xs 
poultry by-product meal. 

44. The feed or feed additive of claim 42, wherein the animal-derived material 
comprises from about 1% to about 5% of the total feed. 
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45. The feed or feed additive of any of claims 41-^44, wherein the plant comprising 
DHA, EPA, or ARA is a genetically modified plant 

46. A method of preparing a feed comprising from about 0.25% to about 5.0% 
combined DHA and EPA, and further comprising materials derived from macroalgae, 
microalgae, plants and/or lower fungi or any parts or extracts thereof, wherein no 
animal-derived materials are present 

47. A method of preparing a feed comprising from about 0.25% to 5.0% combined 
DHA and EPA, and further comprising materials derived from macroalgae, 
microalgae, plants, and/or lower fungi and/or any parts or extracts thereof, wherein 
less than about 5% animal-derived materials are present 

48. A method of feeding animals with a feed comprising from about 0.25% to 
about 5.0% combined DHA and EPA, materials derived from macroalgae, 
microalgae, plants and/or lower fungi and/or any parts and/or extracts thereof, 
wherein no animal-derived materials are present. 

■ 

49. A method of feeding animals with a feed comprising from about 0.25% to 
about 5.0% combined DHA and EPA, materials derived from macroalgae, 
microalgae, plants, and/or lower fungi and/or any parts and/or extracts thereof, and 
further comprising less than about 5% animal-derived materials. - 

50. A method of preparing an animal feed or feed additive comprising a plant- 
derived material, such plant derived material further comprising DHA, EPA, or ARA, 
wherein no animal-derived materials are present 

51. A method of preparing an animal feed or feed additive comprising a plant- 
derived material, such plant-derived material further-comprising DHA, EPA, or ARA, 
wherein animal-derived material is present. 

52. The method of claim 5 1 , wherein the. animal-derived material is poultry by- 
product meal. 

53. The method of claim 5 1 , wherein the animal-derived material comprises from 
about 1 % to about 5% of the total feed. 

54. The method of any of claims 50-53, wherein the plant comprising DHA, EPA, 
or ARA is a genetically modified plant 
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55. A method of feeding animals with a feed or feed additive comprising a plant- 
derived material, such plant material further comprising DHA, EPA, or ARA, wherein 
no animal derived materials are present 

56. A method of feeding animals with a feed or feed additive comprising a plant- 
derived material, such plant material further comprising DHA, EPA, or ARA, wherein 
animal-derived material is present. 

57. The method of claim 56, wherein the animal-derived material is poultry by- 
product meal. 

58. The method of claim 56, wherein the animal-derived material comprises from 
about 1% to about 5% of the total feed. 

59. The method of any of claims 55-58, wherein the plant comprising DHA, EPA, 
or ARA is a genetically modified plant. 
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